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Method for the manufacture of a semiconductor device 

[ABSTRACT] 

[PURPOSE 1 To shorten the annealing step for the formation of 
silicide . 

[CONSTITUTION] A method for the manufacture of a semiconductor 
device , characterized in that a semiconductor layer is deposited 
on a substrate 1, and, after a metal layer 107 with a desired 
pattern is formed on the semiconductor layer, impurity ions 
100 are implanted into the semiconductor layer through the metal 
layer 107 to form impurity semiconductor layers (6a and 6b) , 
and, at the same time, metal silicide layers (7a and 7b) are 
formed in the surface layers of the impurity semiconductor layers 
(6a and 6b) . 
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SPECIFICATION 



What is claimed is: 

I • A method for the manufacture of a semiconductor device , 
characterized in that a semiconductor layer is deposited on 
a substrate, and, after a metal layer with a desired pattern 
is formed on the semiconductor layer , impurity ions are implanted 
into the semiconductor layer through the metal layer to form 
impurity semiconductor layers, and, at the same time, metal 
silicide layers are formed in the surface layers of the impurity 
semiconductor layers . 

Detailed Description of the Invention: 
[0001] 

[Industrial Field of Utilization] The present invention 
relates to a method for the manufacture of a semiconductor device 
and, more particularly, to a method for the manufacture of a 
semiconductor device used as a switching element with respect 
to an active matrix substrate used in a liquid crystal display 
device or the like* 
[0002] 

[Prior Art and the Problem that the Invention is to Solve] A 
semiconductor device such as a thin -film transistor or the like 
is used as a switching element in a liquid crystal display device 
or the like. Further, as liquid crystal display devices are 
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becoming larger and larger In screen size and more and more 
fine and accurate, the realization of high performances such 
as the enhancement in fineness, the simplification of the 
processes , and the unification of the characteristics over large 
areas is being pushed forward. For realizing these high 
performances, it becomes necessary to reduce the size of 
transistors, to decrease the frequency of film formation, and 
to establish a process technique for the manufacture of large 
areas . 

[0003] The impurity semiconductor layers which are used as 
contact regions for the source and drain electrodes of a 
thin -film transistor are formed by the method of performing 
layer formation by the use of a PCVD apparatus or the like and 
the method of implanting ions by the use of an ion shower doping 
apparatus or the like- In case of the method of forming layers 
by the use of a PCVD apparatus or the like, the control for 
obtaining uniform film thickness and film quality over a large 
area becomes a problem. Further, in case of the method of 
implanting ions by the use of an ion shower doping apparatus 
or the like , it is not necessary to deposit n* layers constituting 
the impurity semiconductor layers; and thus, this method is 
advantageous in respect of realizing high perf ormances , but 
the resistance of the impurity semiconductor layers is high, 
so that it is necessary to carry out a treatment for lowering 
the resistance. 
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[0004] In the past, for this resistance lowering, after the 
Impurity semiconductor layer was deposited by the Ion 
implantation method, a metal layer was deposited and rendered 
into a silicide by annealing or the like, whereby the resistance 
of the impurity semiconductor layer was lowered* (See Japanese 
Patent Laid-open No, 158875/1988, Japanese Patent Laid-Open 
No. 168052/1988, Patent Laid-Open No. 4566/1991, and Japan 
Display '92, pp. 205 to 208, etc.)- Fig. 12 and Fig. 13 show 
a thin-film transistor as mentioned above. Here, Fig. 12 is 
a plan view of the thin -film transistor , andFig. 13 is a sectional 
view taken along the line A-A in Fig, 12. The manufacture of 
this thin-film transistor is carried out by, e.g., the following 
method. First, on a transparent substrate 21 , a gate electrode 
22 and a gate insulator film 23 are formed in this order. On 
the gate insulator film 23, an amorphous semiconductor layer 
24 and impurity semiconductor layers 26a and 26b are formed. 
The above-mentioned impurity semiconductor layers 26a and 26b 
can be formed by the method shown in Fig* 14. 
[0005] On the gate insulator film 23, only that portion of 
a semiconductor layer for forming the amorphous semiconductor 
layer 24 and the impurity semiconductor layers 26a and 2«b which 
will be rendered into the amorphous semiconductor layer 24 is 
covered by a channel protective film 25, and, from above, 
impurity ions 300 are implanted. By this ion implantation, 
the impurity is implanted into the regions which are not covered 
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by the channel protective film 25 , and thus, the impurity 
semiconductor layers 26a and 26b are formed* 
[ 0006 ] Next , a metal which is easy to be silicided is deposited , 
and thereafter, an annealing treatment is carried out to form 
cilicide layers 27a and 27b. Further, as shown in Fig. 8, a 
source electrode 28 and a drain electrode 29 are formed on the 
silicide layers at both sides of the channel protective film 
25. Further, the drain electrode 29 is electrically connected 
to a picture element electrode 30- However, in case of a known 
thin-film transistor as shown in Fig. 12 and Fig. 13, it is 
necessary to carry out an annealing step in order to form the 
silicide, which results in an increase in the manufacturing 
steps. 
[0007] 

[Means for Solving the Problem and Working] Thus, according 
to the present invention, there is provided a method for the 
manufacture of a semiconductor device, characterized in that 
a semiconductor layer is deposited on a substrate, and, after 
a metal layer with a desired pattern is formed on the 
semiconductor layer, impurity ions are implanted into the 
semiconductor layer through the metal layer to form impurity 
semiconductor layers, and, at the same time, metal silicide 
layers are formed in the surface layers of the impurity 
semiconductor layers. 

[0008] The manufacturing method according to the present 
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Invention can be applied to known semiconductor devioes such 
as, e,g., a thin-film transistor, a diode, etc. though not 
particularly limited* As substrates usable, a semiconductor 
substrate comprised of silicon or the like and an insulating 
substrate made of glass, quarts, high-molecular film, resin 
or the like can be mentioned* As the semiconductor layer, a 
silicon layer which is comprised of, e.g., amorphous silicon 
can be used. This semiconductor layer can be formed by, e.g. , 
the PCVD method, the evaporation method, the sputtering method 
or the like. 

[0009 ] On a desired region of the semiconductor layer, a metal 
such as Ta, Ti, Al, Cr, Ni, Pd, Co, Pt, Fe, V and Rh which is 
easy to be silicided is deposited by the sputtering method, 
the evaporation method or the CVD method , utilizing a protective 
film made of photo resist, SiN x or the like; the metal layer 
is thus formed. The layer thickness of this metal layer changes 
in accordance with the condition of ion implantation which will 
be described below, but, it is desirable to select the film 
thickness to 10 to 100 A in order to suitably form the silicside 
layers . 

[ 0010 } Next , onto the metal layer , impurity ions are implanted . 
Here, in case the impurity semiconductor layers are set to the 
n- conductivity type, Group V elements or compounds thereof can 
be used. As the Group V elements, P, As, Sb or the like can 
be mentioned, and further, compounds containing them will also 
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be mentioned. Further, In case of rendering the impurity 
semiconductor layer into the p conductivity type. Group III 
elements or compounds thereof can be used. As the Group III 
elements , B, Al, Ga or the like can be mentioned, and further, 
compounds containing them will also be mentioned. The ion 
implantation is carried out at an acceleration voltage of 1 
to 100 keV. By this ion implantation, into the region covered 
by the metal layer, the impurity ions passing through the metal 
layers are implanted, whereby the impurity semiconductor layers 
are formed. At the same time, by the kinetic energy of the 
impurity ions when implanted, both of the metal layer and the 
semiconductor layer are heated, whereby silicide layers are 
f ormed in the surface layer of the semiconductor layer , Further , 
into the region covered by the protective film, the impurity 
ions are not implanted, and thus, the above-mentioned region 
remains as it is , so that the impurity semiconductor layers , 
the silicide layers, and the semiconductor layer are formed 
at the same time. After this, the metal layer is removed, and 
further, electrodes are formed on the impurity semiconductor 
layers, whereby a semiconductor device can be formed. 
[0011] The manufacturing method according to the present 
invention is used under the following conditions in case the 
method is applied to a thin-film transistor: First, on the 
substrate, a gate electrode is formed to a film thickness of 
2000 to 4000 A. The substrate used should desirably be a 
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transparent Insulating substrate. As such a substrate, there 
can be mentioned glass , quarts , high-molecular film or the like . 
Further, the gate electrode can be formed by depositing Ta, 
Ti, Al or Cr into a single layer or multiple layers by the 
sputtering method and patterning them. Further, it is also 
possible to form a gate bus line simultaneously with the 
above-mentioned patterning. 

[0012] Next, on the gate electrode and substrate, a gate 
insulating film is formed to a thickness of 20OO to 5000 A. 
As the gate insulating film, there can be used the film formed 
by depositing SiN x , Si0 2 or the like by the PCVD method, the 
sputtering method or the like. Further, on the gate insulating 
film, a semiconductor layer is deposited to a thickness of 100 
to 1000 A. Here, for the semiconductor layer, it is desirable 
to use amorphous silicon which can be deposited by the PCVB 
method, the sputtering method or the like. 

[ 0013 ] Subsequently, a channel protective film for preventing 
the impurity ions from being implanted into the channel region 
is formed on the semiconductor layer. For the channel 
protective film, it is desirable to use SiN x , a photo resist, 
a polyimide or the like. In case of using SiN x or the like is 
used for the channel protective film, it is deposited to a 
thickness of 1000 to 3000 A by the PCVD method, the thermal 
CVD method or the like, patterning is carried out by the use 
of a photo resist or the like, and thereafter, by a method such 
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as the dry etching or the wet etching, the channel protective 
film is formed in a desired shape in a region above the gate 
electrode. Further, in case of using a photo resist for the 
channel protective film, the photo resist is applied to a film 
thickness of 1 to 2 (jm by a spin coater to form a film, which 
is patterned, whereby the channel protective film is formed 
in a desired shape in a region above the gate electrode. 
[0014] Next, on the channel protective film and the 
semiconductor layer, the metal which is easy to be silicided 
as mentioned before is deposited into a layer with a layer 
thickness of 10 to 100 A, whereby a metal layer is formed. This 
metal layer is formed in the same shape as the semiconductor 
layer by the dry etching method, the wet etching method or the 
like, through the protective film. After this, ions are 
implanted from above the metal layer as already mentioned* By 
this ion implantation, impurity semiconductor layers , silicide 
layers and a semiconductor layer can be formed at the same time. 
After the ion implantation, the metal layer is removed by the 
wet etching method or the like. Further, a source electrode 
and a drain electrode are deposited to a layer thickness of 
2000 to 4000 A by a method such as the evaporation method or 
the sputtering method. These source and drain electrodes can 
be deposited with their end portions overlapping the 
above-mentioned protective film, but, since the low-resistance 
silicide layers are formed, it is also possible to deposit the 
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source and drain electrodes without overlapping the protective 
film* By forming the source and rain electrodes without 
overlapping the protective film, the miniaturization of the 
thin-film transistor can be realized, which is more desirable* 
Further, in case of using a photo resist for the channel 
protective film, the source and drain electrodes can be formed 
by the lift-off method* 

[0015] The above-mentioned drain electrode and an picture 
element electrode having a film thickness of 500 to 1000 A and 
comprising an indium tin oxide film (ITO) are electrically 
connected to each other , whereby a thin- trans is torcan be formed . 

[0016] 

[Examples] Examples of the present invention will mmw be 
described* However, the present invention is not limited to 
the materials , steps, the conditions therefor, etc, which will 
be mentioned below. 
Example 1 

The manufacturing method according to the present 
invention is applied to the manufacture of a thin-f ilm transistor 
as shown in Fig. 1* 

[0017] First, on a transparent insulating substrate 1 
comprised of glass or the like, Al was deposited into a layer 
with a layer thickness of 3000 A by the sputtering method. Next , 
by carrying out patterning by the use of a photo resist, a gate 
electrode 2 was formed. On this gate electrode 2, a gate 
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insulator film 3 comprising SiN x was formed to a film thickness 
of 3000 A by the PCVD method. On the gate insulator film 3, 
an amorphous semiconductor layer comprising amorphous silioon 
was deposited to a layer thickness of 600 A by the PCVD method, 
and further, on the amorphous semiconductor layer, a film 
comprising SiN x and having a film thickness of 2000 A was f ormed 
by the same method as the method of forming the amorphous 
semiconductor layer. This film was patterned by the use of 
a photo resist and wet -etched, whereby a channel protective 
film 5 was formed above the gat electrode 2 . Next , on the 
amorphous semiconductor layer and the channel protective film 
5, Mo which is a metal easy to be silicided was deposited to 
a layer thickness of 100 A by the sputtering method* Further, 
this metal layer was patterned by the use of a photo resist 
so as to have the same shape as that of the amorphous semiconductor 
layer in the state in which the protective film 5 existed as 
an intervener and wet-etched, whereby a metal layer 107 was 
formed. 

[0018] Next, through the above-mentioned metal layer 107, 
impurity ions 100 were implanted* The condition for this ion 
implantation was set in such a manner that the impurity ions 
were P ions of Group V elements, and the acceleration voltage 
was 30 keV, By this implantation, ions were implanted through 
the metal layer 107 into the portions which were not covered 
by the channel protective film 5, whereby n-type impurity 
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semiconductor layers 6a and 6b were formed. Further, 
simultaneously with the formation of the impurity semiconductor 
layers, self -annealing was caused through the heating by the 
kinetic energy of the ions when implanted, whereby silicide 
layers 7a and 7b were formed in the upper layer portion of the 
impurity semiconductor layer. Further, into the portion 
covered by the protective film 5, the ions were not implanted; 
and a semiconductor layer 4 was formed. 

[ 0019 J After this , the metal layer 107 was removed by wet etching . 
Next , on this substrate 1 , Al was deposited to a layer thickness 
of 2000 A by the sputtering method. Further, by performing 
wet etching by the use of a photo resist, a source electrode 
8 and a drain electrode 9 were deposited in the state in which 
the end portions of the electrodes were placed on the channel 
protective film 5* Next, above the substrate 1, a picture 
element electrode 10 was formed in such a manner as to be 
electrically connected to the drain electrode 9 . This picture 
element electrode 10 was comprised of ITO and deposited to a 
layer thickness of 1000 A by the sputtering method. In this 
way, a thin -film transistor as shown in Fig . 2 and 3 was obtained. 
Fig. 3 shows a sectional view taken between B and B in Fig. 
2. Further, in Fig. 2, a gate bus line 2a is formed; this was 
formed simultaneously when the gate electrode 2 was formed. 
[0020] Further , in this example , the end portions of the source 
and drain electrodes are shaped so as to overlap the channel 
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protective film 5 # but it is alternatively possible to form 
them in a shape not overlapping the channel protective film 
5 as shown in Figs, 4 to 6 (Fig, 5 shows a sectional view taken 
between C and C in Fig. 2). This becomes possible due to the 
fact that the low- resistance silicide layers 7a and 7b are formed 
and thus can contribute to the miniaturization of the thin-film 
transistor. 
[0021 J Example 2 

The manufacturing method according to the present 
invention was applied to the manufacture of a thin -film 
transistor as shown in Fig. 7. First, on a transparent 
insulating substrate 11 comprising glass or the like, Al was 
deposited to a layer thickness of 3000 A by the sputtering method . 
Mext, by performing patterning by the use of a photo resist, 
a gate electrode 12 was formed. On this gate electrode 12, 
a gate insulator film 13 comprising SiN x was formed to a film 
thickness of 3000 A by the PCVD method. On the gate insulator 
film 13, an amorphous semiconductor layer comprising an 
amorphous silicon and having a layer thickness of 600 A was 
deposited. On this amorphous semiconductor layer, a photo 
resist was formed into a film with a film thickness of 1.2 jxm 
by the spin coating method- Further, this photo resist was 
patterned to thereby form a channel protective film 15 above 
the gate electrode 12. Next, on the amorphous semiconductor 
layer and the channel protective film 15, Mo which is a metal 
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easy to be sllicided was deposited to a layer thickness of 100 
A by the sputtering method . Further, the thus deposited metal 
was patterned by the use of a photo resist so as to have the 
same shape as that of the amorphous semiconductor layer in the 
state in which the protective film 15 existed as an intervener 
and wet -etched, whereby a metal layer 117 was formed. 
[0022] Next, through the above-mentioned metal layer 117, 
impurity ions 200 were implanted. The condition for this ion 
implantation was set in such a manner that the impurity ions 
were P ions of a Group V element , and the acceleration voltage 
was 30 keV. By this implantation, the ions were implanted, 
passing through the metal layer 117, into the portions which 
were not covered by the channel protective film 15, whereby 
n-type impurity semiconductor layers 17a and 17b were formed. 
Further, simultaneously with the formation of the impurity 
semiconductor layers, self -annealing was caused due to the 
heating by the kinetic energy of the ions when implanted, whereby 
silicide layers 17a and 17b were formed in the upper portions 
of the impurity semiconductor layers. Further, into the 
portion which was covered by the channel protective film 15, 
the ions were not implanted; and thus, a semiconductor layer 
14 was formed. 

[ 0023 ] After this , the metal layer 117 was removed by wet etching , 
and the channel protective film 15 was removed. Ifext, on this 
substrate 11, Al was deposited to a layer thickness of 2000 
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A by tlie sputtering method, Further , by performing wet etching 
by the use of a photo resist, a source electrode 18 and a drain 
electrode 19 were formed. Next, on the substrate 11 , a picture 
element electrode 20 was formed in such a manner as to be 
electrically connected to the above-mentioned drain electrode 
19. This picture element electrode 20 was comprising ITO; it 
was deposited to a thickness of 1000 A by the sputtering method. 
In this way, a thin-film transistor as shown in Fig. 8 and Fig. 
9 was obtained. Fig. 9 shows a sectional view taken between 
D and D in Fig. 8. Further, in Fig. 8, a gate bus line 12a 
is f ormed; this was formed simultaneously when the gate electrode 
12 was formed. 

[0024] Further, in case of above-mentioned Example 2, the 
removal of the channel protective film 15 and the formation 
of the source and drain electrodes were carried out separately, 
but it is also possible to form the source and drain electrodes 
by the lift -off method, utilizing the channel protective film 
15 as shown in Fig. 10 and Fig. 11 (Fig. 11 shows a sectional 
view taken between E and E in Fig. 10). 
[0025J 

[Effect of the Invention] According to the manufacturing 
method of the present invention, it becomes possible to form 
a semiconductor device in such a manner that , at the step of 
forming the impurity semiconductor layers on the amorphous 
semiconductor layer by the ion implantation method, a metal 
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layer is formed on the amorphous semiconductor layer, and., from 
above the metal layer, an impurity is ion -implanted, whereby 
the impurity semiconductor layers and the silicide are formed 
at the same time by the self -annealing at the time of 
implantation; and thus, the semiconductor device can be formed 
without increasing the number of processes for annealing, etc* 
[ 0026 ] As a result , the low-resistance impurity semiconductor 
layers can be formed of the silicide, so that a semiconductor 
device with good characteristics can be formed; the 
semiconductor device has the excellent effect that it can be 
applied to, e.g. , an active matrix type liquid crystal display. 
Further, a manufacturing method effective in realizing the 
miniaturization of semiconductor devices, back exposure or 
self -matching can be provided. 
Brief Description of the Drawings : 

Fig, 1 is a schematic sectional view showing the method 
for the manufacture of a semiconductor device according to the 
present invention • 

Fig. 2 is a schematic sectional view showing a 
semiconductor device manufactured by the method according to 
the present invention. 

Fig. 3 is a schematic sectional view, taken between B 
and B, of the semiconductor device shown in Fig. 2, 

Fig , 4 is a schematic plan view of the semiconductor device 
manufactured by the method according to the present invention. 
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Fig* 5 is a schematic sectional view, taken between C 
and C, of the semiconductor device shown in Fig* 4* 

Fig . 6 is a schematic plan view of the semiconductor device 
manufactured by the method according to the present invention* 

Fig. 7 is a schematic sectional view showing the method 
for the manufacture of a semiconductor device according to the 
present invention . 

Fig. 8 is a schematic plan view of a semiconductor device 
manufactured by the method according to the present invention. 

Fig* 9 is a schematic sectional view, taken between D 
and D, of the semiconductor device shown in Fig. 8. 

Fig* 10 is a schematic plan view of the semiconductor 
device manufactured by the method according to the present 
invention * 

Fig, 11 is a schematic sectional view, taken between S 
and E, of the semiconductor device shown in Fig. 10* 

Fig. 12 is a schematic plan view of the semiconductor 
device manufactured by a known method. 

Fig. 13 is a schematic sectional view, taken between A 
and A # of the semiconductor device shown in Fig* 12* 

Fig* 14 is a schematic sectional view showing the known 
method for the manufacture of a semiconductor device. 
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